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.-\BSTR.\CT: Co!.otes (Cnnis latrans) froin southern Texas were sampled for antibodies to Borrelia 
burgdorferi from 1980 to 1956; 1)luck-tailed jack rabbits (Lepus californicrrs) and desert cottontails 
(Sylrilagrls audt~honii) \\,ere sampled in 1986. Coyote fetuses, adult co!.ote kidne\.s, and black- 
tailed jack rabbit and desert cottontail kidneys \\.ere cultured for B. burgdorferi in 1986. Results 
of indirect immunofl~iorescent antibody (IF.1) tests for B. Lmrgdorferi in co\.otes \\.ere as follo\vs 
(number positive at a dilution of r l : l28/nuinber tested): 1980 (0 of 30), 1981 (0  of e l ) ,  1952 (0 
of 33). 1983 (0 of 78), 1984 (47 of 971, 1955 (20 of 88), and 1986 (42 of SO). Eight of 26 black- 
tailed jack rabbit: and t\vo of :even desert cottontails tested in 1986 had IF.\ titers to B. burgdorferi 
of >1:128. Borrelin burgdorferi \vas isolated from one of five co).ote fetuses, three of 31 adult 
co\.ote kidne\.s, and t\vo of 10 black-tailed jack rabbit kidneys in 1986. These results indicate that 
B. brrrgdorferi infection has been present in co).otes in Texas, at least since 1981 and that trans- 
placental transmission occurs. 

Key words: Borrelia burgdorferi, co>.ote, Canis latrans, black-tailed jack rabbit, Lepus cali- 
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INTRODUCTION 

Lyme borreliosis (a spirochetal tick- 
borne zoonosis) \\,as first reported in the 
L-ilited States in 1969 in a It'isconsin hunt- 
er (Scrimenti, 1970). In 1975, the infection 
\\.as gi\.en the name Lyme disease because 
of an outbreak of arthritis caused by the 
infection in children from L).me, Con- 
necticut (Steere et al., 1978). Infection \vith 
the causative spirochete (Borrelia burg- 
dorferi) can occur in domestic animals, 
including dogs (Burgess, 1986), horses 
(Burgess et al., 1986), co\\ s (Burgess et al., 
1987) and \vild animals (Bosler et al., 1981). 
The \vhite-tailed deer (Odocoileus uirgin- 
ialzz~s) and the \\-hite-footed mouse (Pero- 
r~z!yscus lezlcopz~s) are the principal \.er- 
tebrate reser\,oirs of the spirochete (Bosler 
et al., 1984; I,e\.ine et al., 1985). The pri- 
mary tick \.ectors of the disease in the 
United States are Isodes dnnzrnini (Burg- 
dorfer et al., 1982) and 1. pacificz~s (Burg- 
dorfer et al., 1985). LJrnle disease \vas first 
reported from Texas in 1981 (Ra\vlings, 
1986). Antibodies to B ,  burgdorferi \Yere 
reported from tn.0 of 10 black-tailed jack 
rabbit (Lepus californicz~s) sera from 

western Tesas in 1985 (Ra\\.lings, 1986) 
suggesting that \vild mammals from Texas 
may be infected \\.ith B. burgdorfcri. The 
objecti\.e of this study \\.as to determine if 
co!.otes (Canis latrans), black-tailed jack 
rabbits and desert cottontails (Syluilagus 
nudz~bonii) from southern Texas \\,ere in- 
fected with B. btrrgdorferi. 

MATERIALS AND METHODS 

Serum samples 

Co).ote sera samples \\-ere collected from fall 
1980 to fall 1986 during ongoing research on 
coyote ecolog). in southern Texas (Den\.er \!'ild- 
life Research Center, Animal Plant Health In- 
spection Service, Vnited States Department of 
ligriculture, 319 Stowe Street, Laredo, Texas 
78041, US.\). Co),otes ( r  3-mo-old) \\.ere trapped 
011 eight sites of 3,000 to 8,000 ha in \\'ebb 
County, Texas, (27"301S, 99"PO'\fV) \\.ithin 60 
kin north and east of Laredo in fall (0ctol)er to 
Xovember) 1980 through 1989, spring (>larch 
to April) 1983, and spring (February to June) 
and fall 1984 througli 1966. The co!otes range 
o\.er this entire area and are considered one 
population. Co!.otes at tn.0 of the sites \\.ithill 
this area \vere sampled on different years 
(27"15'S, 9S0.54'\f7 in 1981 and 1985; Zo19 'S ,  
99"19'\Y in 1980 and 19S4). Jack rabbits and 
cottontails \\.ere shot in ripril and September 
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1986. \\'hole blood \vas extracted with vacutain- 
ers from the brachial and femoral veins of coy- 
otes that \\.ere marked and released and by car- 
diac puncture from jack rabbits, cottontails and 
coyotes that were sacrificed. In 1986, co),ote and 
lagomorph kidneys and coyote fetuses were re- 
moved immediately after death. \\'hole blood 
was maintained at a cool temperature until de- 
livery to the laboratory \\here it was centrifuged 
and the serum \vas decanted. Sera, kidneys and 
fetuses \\ere frozen and shipped to the Vniver- 
sity of \%'isconsin School of \'eterinary hledicine 
(2013 Linden Drive, hiadison, \Visconsin 53706, 
USA) 

Indirect immunofluorescent antibody test (IFA) 

Serum samples were tested for antibodies to 
B. burgdorferi by the IF.% test using standard 
procedures (Burgess, 1985) and fluorescein con- 
jugated goat anti-canine IgG serum for the co).ote 
samples and fluorescein conjugated goat anti- 
rabbit IgG serum for the lagomorph sera (Cap- 
pel Laboratories, Cooper Biomedical, V'est 
Chester, Pennsylvania 19380, US.4). Hjperim- 
mune sera from experimentally infected dogs 
and rabbits were used for positive control sera 
and sera from laboratory reared dogs and rab- 
bits were used as negati\.e control sera. Ttvo- 
fold dilutions of the sera from 1:I to 1:4,096 
\\ere prepared. The IF.4 end point was the high- 
est dilution to have specific fluorescence of the 
spirochetes. Ten of the sera \\.ere also tested by 
IF.% for antibodies to B. hermsii (obtained from 
R .  Johnson, Department of ?rlicrobiology, Uni- 
\.ersity of liinnesota, liinneapolis, hlinnesota 
33133, US.4) which is another Borrelia sp.  found 
in Texas (Burgdorfer, 1983) to determine if there 
\vas any cross-reactivity. 

Culturing of tissue samples for Borrelia burgdoderi 

Kidney samples from the co!.otes, jack rabbits 
and coyote fetuses obtained from the 1986 coy- 
otes \\-ere ground \\.it11 a mortar and pestal and 
a 10% suspension made in BSK 11 media with- 
out antibiotics (Johnson et al., 1981). A 0.1 ml 
sample of the suspension was placed in 7 ml of 
BSK 11 media and incubated at 34 C. A drop 
from each culture tube \\.as placed on a slide 
and examined once \r,eekly by dark field mi- 
croscopy for 6 \vk for the presence of spiro- 
chetes. Spirochetes were identified by staining 
\vith the B ,  burgdorferi specific inouse mono- 
clonal antibody H3332 (obtained from E. Bos- 
Icr, Se\v York State Department of Health, Stony 
Brook, Kew York 11794, LS.4) (Barbour et al., 
1963) follo\ved by fluorescein labelled goat anti- 
niouse IgG serum (Cappel Laboratories, \Vest 
Chester, Penns).lvania 19:389, USA). Slides \vith 
the eighth passage B. burgtlorferi isolate from 
P .  maniculatus were used as positive controls. 

Frozen kidneys were also sectioned at 7 pm on 
a microtome and the sections placed on slides. 
The sections were then stained with the H5332 
monoclonal antibody as described above. 

RESULTS 

The  results of IF,4 testing for B, burg- 
dorferi antibodies in co).ote sera are shown 
in Table 1. In the !.ears 1980 (30 samples), 
1981 (21 samples), 198.2 ( 5 3  samples) and 
1983 (78 samples) the antibody titers w.ere 
all <1:128. In 198-1 47 of 97 sera had an- 
tibody titers ranging from 1:1.28 to 1:4,096, 
in 1983 20 of 88 sera had antibody titers 
from 1:128 to 1:1,024 and in 1986 38 of 
80  sera had antibody titers from 1 : l B  to 
1:1,02-1. Results of IF,\ tests for B. burg- 
dorferi antibodies in jack rabbits in 1986 
\4.ere eight of 26 at a titer of 2 1:1.28 (three 
at 1:128, two at 1:.2,56, tn.0 at 1:512, and 
one at 1:1,024). Cottontails had tn.0 of sev- 
en sera with titers of 1:1.28. Positive cul- 
tures for spirochetes \vere one of five fetal 
co).ote kidne);s (p0sitiL.e fetus was from a 
seronegative female), three of 31 adult 
coyote kidneys (t\vo seronegative, one se- 
rum titer 1:512)), t\vo of 10 jack rabbit kid- 
ne!.s (one seronegati\.e, one serum titer 
1:1,02-1) and zero of five cottontail kidneys. 
The  spirochetes did multiply in the culture 
medium as the numbers in each tube in- 
creased over time and dividing spirochetes 
could be seen. These spirochetes could be 
subcultured but the numbers of spiro- 
chetes \vere few. The cultures were all con- 
taminated wit11 bacteria because the kid- 
ne\.s had been taken in the field and sterile 
technique was difficult to maintain. The  
spirochetes could not be separated from 
the bacteria and did not grow to sufficient 
numbers to be able to identify the strain. 
They did have t!.pical Borrclia sp. mor- 
phology. One of the culture positive adult 
coyote kidneys also had spirochetes that 
fluoresced u.ith the HS33.2 monoclonal an- 
tibody on stained frozen kidney sections 
identif!-ing the spirochete as B. burgdor- 
feri. The results of colnparison of IFA ti- 
ters for B. burgdorferi and B, herrnsii are 
sh0v.n on Table 2. Only four of the 10 
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T.+RLE 1. Results of coyote sera tested b!. the indirect immunofluorescent antibody assay for Borrelicl 
burgdorferi antibotlies from 1950 to 1956. ;intibody titers are @\.en as the reciprocal of the end point dilutic,n. 

Total 

B. burgdorfcri antibod! titer number 
of 

Year 0- 5 61 128 256 512 1 1,016 1,096 san~ples 

samples tested had titers to U. hermsii of 
1:128 \vhile all 10 samples had antibody 
titers to B. bzirgdorferi of 1512  or greater. 

DISCUSSION 

These findings sho\v that Borrelia sp. 
(most probably B. burgdorferi) infection 
has been present in co!.otes in \17ebb Coun- 
ty, Texas since 1981 and that transplacen- 
tal infection can occur in infected co!.otes. 
It is not kno\vn ho\v B. burgdorferi first 
arri\.ed in Texas but apparently the infec- 
tion in the southern part of the state ap- 
peared in wildlife and humans at about 
the same time (Ra\vlings, 1986). The  pos- 
iti\,e identification of the kidney tissue spi- 
rochete and the low serum cross reacti\.it!. 
\$-ith B. hermsii (another Borrelia sp. found 
in the \vestern Cnited States; Barbour and 
Ha!.es, 1986) suggests that co).otes \$.ere 
infected \$.ith B. burgdorferi. There is some 
degree of cross-reacti\.ity between B. 
burgdorferi and B. hern~sii (DSA relat- 
edness 58% according to H!.de and John- 
son, 1984) but it is not 100% and sera \\-it11 
antibodies specific to B. burgdorferi should 
ha\.e a higher titer to B. burgdorferi than 
to B. hermsii. In pre1,ious studies, adsorp- 
tion of sera from human patients \\.it11 
I,!.me disease \+.ith B. her~ilsii decreased 
the B. bz~rgdorferi titers by onl!. tj5.0-fold 
(Craft et al., 1984) again indicating that 
titers of antibody specific to B. burgdorferi 
\\,auld be higher to B. bzirgdorferi than to 
B.  hermsii. The large number of adult coy- 
otes with titers ~ l : 1 2 8  in 1984 and the 

absence of coyotes \+.it11 titers L 1 : l B  prior 
to 1984 indicates that B. burgdorferi in- 
fection was acquired in 1981 or late 1983. 
Experimentally infected dogs de\.elop ti- 
ters of ?1:128 at 21 days post-infection 
and maintained high titers up to 100 days 
postinoculation (Burgess, 1986). \17ildlife 
may be important in maintaining B. burg- 
dorferi infection in Texas because the in- 
fection occurs in se\feral species. Interac- 
tion of coyotes, jack rabbits and cottontails 
\vith livestock and dogs could bring in- 
fected ticks in close association u.ith hu- 
mans. Borrelia burgdorferi an tibodies have 
been found in jack rabbits in California 
(Lane and Burgdorfer, 1988). 

Transplacental infection of B. burgdor- 
feri has been sho\vn in humans, co\$.s and 

TABLE 2. Results of indirect immunofluorescent an- 
tibod). tests on 10 co!.ote sera from 1966. Sera were 
tested for antibodies to Borrelia burgdorferi and Bor- 
relia hermsii. Titers are @\.en as the reciprocal of the 
end point dilution. 

Titer 

C:o! ole B. lnrrgdorfrri B. hrrti~sii 
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horses and has been associated \\.it11 abor- 
tions and fetal mortality (Schlesinger et al., 
1953; Burgess, 1988). The effect of trans- 
placental infection in the coyote is un- 
kno\\,n. The case of an antibody negati\,e 
coyote ha\.ing a L3. bzrrgdorferi culture 
positive fetus might suggest a localized in- 
fection in the reproducti\.e tract or that 
the female \\,as infcctecl recently and had 
insufficient time to de\.elop antibodies. 
Chronic infection of the reproclucti\.e tract 
\i.ith no antibody responseoccurs \$-it11 oth- 
er spirochete infections such as in animals 
infected \vith Leptospira irzterrogatzs se- 
rovar aztstralis (Thiermann, 1981). This 
could mean that a sur\.ey for B, brrrgdor- 
feri infection using the presence of anti- 
bodies alone as the method of detection 
may underestimate the pre\.alence of in- 
fection. 

Oral infection \\.ith B. bttrgdorferi has 
been demonstrated experimentally in 
Peroli~yscus spp. (Burgess and Patrican, 
1987) and infection by direct contact has 
been demonstrated in dogs and Peromys- 
cus spp. in the absence of arthropod \.ec- 
tors (Burgess, 1986; Burgess et al., 1986). 
Borrelia burgdorferi has been isolated from 
the urine of co\\.s and Peromysctts spp. 
Although pre).-to-predator transmission has 

transmitting R .  bttrgdorferi in \\,ildlife in 
Tesas. Further \vork is needed in order to 
determine exactl! \\hat tick species are 
important vectors in the south~vestern 
Cnited States. 

Dogs infected \vith B. burgdorferi can 
develop lameness, fe\.cr, anorexia and ar- 
thritis (Kornblatt et al., 1985). If co).otes 
de\relop similar signs it coulcl ad\~ersely af- 
fect their populations bj. interfering \\.ith 
social interactions and predatory skills. If 
reproducti\.e impairment occurs in co!.- 
otes, jack labbils ul. cvL~vrl~ails i l  could re- 
duce recruitment and may reduce popu- 
lation numbers. Further \\.ark is necessary 
in order to determine the impact of B. 
bztrgdorferi infcction on thc population 
ecology of these species. 
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